Abstract. The inhibitive action of extract from mint leaves (EML) on Q235A hot rolled carbon steel (HRCS) in 0.5mol/L H 2 SO 4 solution was studied using weight loss measurement, electrochemical polarization and scanning electron microscope (SEM) characterization. The results indicate that the extract functions as a good inhibitor. The inhibition efficiency of EML increases with rise in temperature and concentration. The max value of inhibition efficiency reaches 94.01% with addition of 320mg/L EML inhibitor in 0.5mol/L H 2 SO 4 solution, at 50 o C. Chemical adsorption of EML components occurs on the surface of carbon steel according to the thermodynamic theoretic analysis. It is shown that the extract of mint leaves acts as a mixed type inhibitor according to the analysis from electrochemical polarization curves. The adsorption of the extract on hot rolled carbon steel obeys Langmuir's adsorption isotherm.
Introduction
Carbon steel is usually used as the raw material for automobile, electronic apparatus or the basement for hot dip galvanizing, plating and coating [1, 2] . During the pretreatment process of carbon steel, surface pickling is an important step [3, 4] . Sulfuric acid and hydrochloric acid are most used as the main reagent for pickling [5] . And the former has been used because of small volume, and better mechanical stripping rate of the mill scale, such as FeO, Fe2O3 and Fe3O4, higher temperature tolerance. According to the trend of industrial development, novel corrosion inhibitor for steel pickling should be environmental friendly, non-toxic even better. Corrosion inhibitors extracted from natural products are non-toxic and easily degraded, more and more researchers have been attracted [5] .
Mint is a plant wide distributed in America, Europe and Asia. It has long been used as a component of traditional medicine in China or some else countries, for the antiviral, analgesic, antipruritic, anti irritation, cough relieving, sterilization effect, etc [6] [7] . And sometimes it is picked up as vegetable in Chinese families because it is fragrant and harEMLss. In the present work, the extract of mint leaves(EML), used as a novel green environmental friendly corrosion inhibitor of carbon steel during acidic pickling, was investigated. The adsorption thermodynamic constants were analyzed.
Experimental Procedures
Materials. The corrosion test was conducted on Q235A type hot rolled carbon steel (HRCS) plate (size:40 mm × 13 mm ×2 mm , provided by the Hangzhou Guanjie industrial cleaning and water treatment technology Co., Ltd.). The sample plate's composition (in mass fraction) was as follows: C 0.14~0.22%, Mn 0.30~0.65%, Si ≤ 0.30%, S ≤ 0.05%, P ≤ 0.045%, the rest is Fe. All the HRCS plates were pretreated in accordance with the literature [8] .
Extract Of Inhibitor. Some mint leaves (commercially available, Mentba spicata L.) were dried to constant mass at 65 o C, and ground into powder. Five gram of the powder was put into a flask
International Conference on Materials Engineering and Information Technology Applications (MEITA 2015) then 100ml distilled water was added to ensure the mint leaves powder immersed. The mixture was refluxed at 90 o C for 2 hrs, then filtered under reduced pressure. The solid residue was cleaned twice by small amount distilled water. The filtrate was evaporated and concentrated at 80 o C to obtain the brown viscous crude product, which was put into the electric heating drying oven at 80 o C for 24hrs to get mint leaves extract(EML) in solid membrane form. The solid product was moved out and ground into powder again, 1.1024 gram brown extract powder was obtained, which was put into a desiccator to protect from damp.
Weight loss measurements. Sulfuric acid solutions (0.5mol/L) were prepared with distilled water. EML inhibitor powder was added into the solution and fully dissolved. After pretreatment, three HRCS plates were immersed in the same solution with or without EML for 4 hrs. When corrosion test was finished, sample plates were picked out. After observation of corrosion product on the surface, it was removed with hard rubber and the plates were put into the dilute sodium hydroxide solution (1% in mass fraction) for neutralization. Then the plates were rinsed by distilled water and ultrasonic washed by anhydrous ethanol and acetone successively. After these proceedings, the plates were dried by natural cold air and stayed in the desiccator for 1 hr for subsequent accurate weighing.
The corrosion rates (CR) are calculated based on the weight loss (WL) measurement as the following equation(Eq. 1): CR = WL/(A s ×t).
(1) Where A s is the sample surface area in cm 2 , t is the immersion time in hours (hrs), WL is the weight loss in mg. The inhibition efficiency (IE) is calculated by the equation(Eq. 2) as following [9] :
Where CR(0) is the corrosion rate of HRCS in the sulfuric solution without EML in mg·cm -2 ·h -1 ; CR(i) is the corrosion rate of HRCS in the sulfuric solution with certain mount EML in mg·cm -2 ·h -1 . Electrochemical polarization measurements. The potentiodynamic polarization curves were measured by CS150 electrochemical workstation (Wuhan Corrtest Instruments Co., Ltd.) with a three electrode cell, consisting of working electrode: HRCS plate with the exposure area of 0.25cm 2 , other part were insulated by varnish, auxiliary electrode: a platinum foil electrode (size:1cm×1cm), reference electrode: a saturated calomel electrode (SCE). The scanning speed was 1mV/s. Each polarization curve was measured at the range of -150mV~ +150mV versus the open circuit potential of the working electrode. The solutions contained 0.5mol/L H 2 SO 4 and different amounts of extract (EML), which were maintained 20 o C. Each potential value was relative to the value of SCE.
The corrosion kinetic parameters (J corr , b a , b c ) could be got by polarization curve fitting from the data of Tafel region, using the software provided by Wuhan Corrtest Instruments Co., Ltd. The inhibition efficiency(η) could be calculated by the corresponding equation(Eq. 3) [10] : All the adsorption thermodynamic parameters are calculated and shown in Table 1 . It is observed that the adsorption enthalpy of EML on carbon steel is 6.443 kJ/mol , which indicates an endothermic process leading to increase of inhibition performance with temperature. EML, as a mixture of amino acids, flavonoids and carbohydrates, has been measured in previous study by present workgroup. The average molar mass (M) of which should be larger than 100 g/mol, is used to calculate the ΔG and ΔS. The data of ΔG and ΔS listed in Table 1 are calculated by the value of 100 g/mol. The value of ΔG is negative than -20 kJ/mol, which suggests the adsorption of EML might be due to chemical adsorption [12] . Fig.3 . The polarization curves were analyzed by the electrochemical processing software to obtain the electrochemical corrosion parameters of carbon steel, which were listed in Table 2 .
From the data in Table 2 , it could be found that the corrosion current density (J corr ) decreases with the increase of EML concentration, which indicates the improvement of inhibitive performance. The inhibition efficiency of EML on HRCS is calculated by Eq. 3 and listed in Table 2 . It is shown that the inhibition efficiency of EML reaches 77.01% at 320mg/L.The value of inhibition efficiency is consistent with the results shown in Fig.1 . On the other hand, both the anodic and the cathodic Tafel slopes (ba, bc) change obviously with addition of EML, while change little with the concentration increasing, which indicates EML as a mixed type inhibitor for HRCS in 0.5mol/L H 2 SO 4 solution. This is confirmed by the the value of ΔE corr between in the absence and presence of EML, which were less than 85 mV [13] . Scanning Electron Microscope (SEM) Characterization. The results of SEM images (×2000) of HRCS after having been immersed in corrosion solution without (Fig.4a ) and with EML ( Fig.4b) for 4 hrs at 20 o C, respectively, are shown in Fig.4 . It is observed from Fig.4a that the surface morphology of HRCS in the absence of EML is rough with remarkable crisscross cracks. The surface rough degree of HRCS with addition of 160mg/L EML (Fig.4b ) decreases obviously, due to the inhibitive effect depend on the adsorption of inhibitor molecules on the surface of metal.
Conclusions
The extract from mint leaves (EML) is an eco-friendly inhibitor for the corrosion of hot rolled carbon steel (HRCS) in 0.5mol/L H 2 SO 4 solution. The inhibition efficiency of EML increases with the increase of concentration and temperature. The adsorption of EML inhibitor on HRCS surface obeys Langmuir isotherm, which is an endothermic and spontaneous process due to chemical adsorption. Electrochemical polarization curves reveal that EML acts as a mixed type inhibitor for HRCS. The result of SEM analysis is in agreement with the results from analysis of electrochemical polarization measurements and weight loss measurements. 
